
Bridges and Transportation 
Structures

Structures Congress 2017

EDITED BY

J. G. (Greg) Soules, P.E., S.E., P.Eng

Selected Papers from the 

Structures Congress 2017

Denver, Colorado

April 6–8, 2017

https://www.civilenghub.com/ASCE/185892314/Structures-Congress-2017-Bridges-and-Transportation-Structures?src=spdf


 

Structures Congress 2017
Bridges and Transportation 

Structures 

SELECTED PAPERS FROM THE STRUCTURES CONGRESS 2017 

April 6�8, 2017 

Denver, Colorado 

 

 

 

 

 
SPONSORED BY 

The Structural Engineering Institute (SEI) 

of the American Society of Civil Engineers 

 

 

 

 

 
EDITED BY 

J. G. (Greg) Soules, P.E., S.E., P.Eng 

 

 
 

                                       
 

Published by the American Society of Civil Engineers 

https://www.civilenghub.com/ASCE/185892314/Structures-Congress-2017-Bridges-and-Transportation-Structures?src=spdf


 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

Published by American Society of Civil Engineers 

1801 Alexander Bell Drive 

Reston, Virginia, 20191-4382 

www.asce.org/publications | ascelibrary.org 

 

Any statements expressed in these materials are those of the individual authors and do not 

necessarily represent the views of ASCE, which takes no responsibility for any statement 

made herein. No reference made in this publication to any specific method, product, process, 

or service constitutes or implies an endorsement, recommendation, or warranty thereof by 

ASCE. The materials are for general information only and do not represent a standard of 

ASCE, nor are they intended as a reference in purchase specifications, contracts, regulations, 

statutes, or any other legal document. ASCE makes no representation or warranty of any 

kind, whether express or implied, concerning the accuracy, completeness, suitability, or 

utility of any information, apparatus, product, or process discussed in this publication, and 

assumes no liability therefor. The information contained in these materials should not be used 

without first securing competent advice with respect to its suitability for any general or 

specific application. Anyone utilizing such information assumes all liability arising from such 

use, including but not limited to infringement of any patent or patents. 

 

ASCE and American Society of Civil Engineers�Registered in U.S. Patent and Trademark 

Office. 

 
Photocopies and permissions. Permission to photocopy or reproduce material from ASCE 

publications can be requested by sending an e-mail to permissions@asce.org or by locating a 

title in ASCE's Civil Engineering Database (http://cedb.asce.org) or ASCE Library 

(http://ascelibrary.org) and using the �Permissions� link. 

 

Errata: Errata, if any, can be found at https://doi.org/10.1061/9780784480403 

 

Copyright © 2017 by the American Society of Civil Engineers. 

All Rights Reserved. 

ISBN 978-0-7844-8040-3 (PDF) 

Manufactured in the United States of America. 

 

https://www.civilenghub.com/ASCE/185892314/Structures-Congress-2017-Bridges-and-Transportation-Structures?src=spdf


The 

Struc

 

The 

 

Volu

Volu

Volu

Volu

and 

Educ

 

Prep

mem

Com

by th

 

We w

supp
 

 

The 

spon

conf

 

On 

spen

and y

can i

 

Sinc

 

J. Gr

Structures C

ctural Engin

papers in th

ume 1 includ

ume 2 includ

ume 3 includ

ume 4 includ

Professiona

cation, Rese

 

paration for 

mbers of th

mmittee. Muc

hese volunte

would like t

porting the S

Joint Progr

nsors, exhibi

ference throu

behalf of o

nding your v

your colleag

implement a

cerely, 

reg Soules, P

Congress has

neers.   

e proceeding

des papers on

des papers on

des papers on

des papers o

l Practice, N

arch, and Fo

A

the Structur

he Nationa

ch of the suc

eers. 

o thank GEI

tructures Co

  

ram Commit

itors, presen

ugh their par

our dedicate

valuable time

gues will ben

and make pro

P.E., S.E., P.

Pr

s a robust tec

g are organiz

n Blast and I

n Bridges an

n Buildings 

on Other Str

Natural Disa

orensics 

Acknow

res Congres

l Technical

ccess of the c

ICO and Pea

ongress in su

ttee would l

nters, and mo

rticipation. 

d volunteer

e attending t

nefit greatly 

ofessional co

.Eng, SECB

reface

chnical prog

zed in 4 volu

Impact Load

nd Transport

and Nonbuil

ructural Eng

asters, Nonst

wledgm

s required s

l Program 

conference r

arl for Spons

uch a generou

like to ackn

oderators wh

rs and staff,

the Structure

from the inf

onnections th

, F.SEI, F.A

gram focusin

umes 

ding and Res

tation Structu

lding and Sp

gineering Top

tructural Sy

ments

significant ti

Committee

reflects the d

soring the C

us way. 

nowledge the

ho contribut

f, we would

es Congress

formation pr

hat last for y

ASCE 

ng on topics 

sponse of Str

ures 

pecial Struct

pics includin

ystems and C

ime and eff

e, the Loc

dedication an

ongress proc

e critical su

ted to the su

d like to th

s. It is our h

rovided, lear

years.  

important to

ructures 

tures 

ng; Busines

Components

fort from the

cal Planning

nd hard work

ceedings and

  

upport of the

uccess of the

ank you fo

hope that you

rn things you

o 

s 

s, 

e 

g 

k 

d 

e 

e 

r 

u 

u 

Structures Congress 2017 iii

© ASCE

https://www.civilenghub.com/ASCE/185892314/Structures-Congress-2017-Bridges-and-Transportation-Structures?src=spdf


Contents 

Bridges and Transportation Structures 

Evaluation of Bond Strength for AFRP Reinforcing Bars in Columns with 

Self-Consolidating Concrete ...................................................................................... 1 

Emmanuel Chinaka, Mehdi Shokouhian, Steve Efe, and Monique Head 

Dolores River Bridge�Bedrock, CO: Remote Site Solution for Deep Scour ..... 12 

Jonathan E. Emenheiser and Gregory S. Lingor 

Performance Evaluation of High-Performance Isolation Rubber Bearings  

for the Seismic Mitigation of Bridge Structures .................................................... 24 

Han Li, Shengze Tian, Wancheng Yuan, and Kai Wei 

Fragility Analysis of a Continuous Gird Bridge Subjected to a 

Mainshock-Aftershock Sequence Considering Deterioration .............................. 36 

Zhengnan Wang, Yutao Pang, and Wancheng Yuan 

Seismic Response of the Integral Abutment Bridges ............................................. 48 

D. L. Kozak, J. Luo, J. M. LaFave, and L. A. Fahnestock 

Parametric Study of the External Strengthening of Composite Beams Using 

Post-Tensioned Tendons .......................................................................................... 58 

Ayman El-Zohairy and Hani Salim 

Investigating and Resolving Bridge Grouted PT-Strand Corrosion  

Problems .................................................................................................................... 68 

David Whitmore, Tore Arnesen, and Brian Pailes 

Reliability Analysis of Existing Bridge Deep Foundations for Reuse .................. 76 

Nathan Davis, Ehssan Hoomaan, Masoud Sanayei, and Anil Agrawal 

Examination of Steel Pin and Hanger Options�Retrofit to Replacement ......... 87 

Chandana C. Balakrishna and Daniel G. Linzell 

Structural Challenges in the Design of Three Pedestrian Bridges ....................... 98 

Hohsing Lee 

Reconstructing History: Redesigning Historic Bridges to Meet Today�s  

Greater Demands .................................................................................................... 108 

Christian Wiederholz and Leo Fernandez 

Structures Congress 2017 iv

© ASCE

https://www.civilenghub.com/ASCE/185892314/Structures-Congress-2017-Bridges-and-Transportation-Structures?src=spdf


Feeding System of the Segments in the Main Span for the New  

Champlain Cable-Stayed Bridge ........................................................................... 118 

Gonzalo Osborne, Taner Aydogmus, and Jeff Rogerson 

Experimental and Analytical Investigation of the Reynolds Number Effect  

on Wind Forces for Multi-Girder Bridges ........................................................... 136 

Ramtin Kargarmoakhar and Maryam Asghari Mooneghi 

Retrofitting Distortion-Induced Fatigue in Skewed Girders to  

Cross-Frame Connections ...................................................................................... 149 

Danqing Yu, Caroline Bennett, and Adolfo Matamoros 

Redundancy and Fracture Resilience of Built-Up Steel Girders ....................... 162 

Matthew H. Hebdon, Japsimran Singh, and Robert J. Connor 

Impact Factor Determination for High-Speed Rail Bridges ............................... 175 

Andrew R. Kimmle and Carlos G. Matos 

Fanny Appleton Pedestrian Bridge: From Base Technical Concept to  

Final Design ............................................................................................................. 188 

W. R. Goulet and M. C. Barth 

Investigation into a Simplified Dynamic Analysis for Simple Span  

High-Speed Rail Structures ................................................................................... 200 

Scott H. Henning and Ken Lee 

A Methodology for the Dynamic Analysis of Railway Bridges Subjected to 

Vehicular Loads ...................................................................................................... 213 

J. E. Abdalla Filho, F. L. M. Beghetto, and J. P. R. Remor 

A Computational Framework for the Aerodynamic Shape Optimization of 

Long-Span Bridge Decks ........................................................................................ 223 

T. H. Birhane, G. T. Bitsuamlak, and J. P. King 

Proposed Framework for the Performance-Based Seismic Design of  

Highway Bridges ..................................................................................................... 240 

H. Ataei, M. Mamaghani, and E. M. Lui 

Enhancing the Modeling of UHPC Connections Subjected to Fatigue  

Loading for Modular Concrete Bridge Deck Design ........................................... 254 

Mi G. Chorzepa and Amin Yaghoobi 

Infrastructure Recovery for Resilience Quantification ....................................... 264 

Bernardo Crespo Sánchez-Peral 

 

Structures Congress 2017 v

© ASCE

https://www.civilenghub.com/ASCE/185892314/Structures-Congress-2017-Bridges-and-Transportation-Structures?src=spdf


Pattern Recognition in the National Bridge Inventory for Automated  

Screening and the Assessment of Infrastructure ................................................. 279 

Mohamad Alipour, Devin K. Harris, and Laura E. Barnes 

Influence of Horizontal Curvature on the Shear Resistance of Steel Plate  

Girders with Slender Webs .................................................................................... 292 

Bernard A. Frankl and Daniel G. Linzell 

A Railroad Perspective on Bridge Measurement and Monitoring Systems ...... 302 

Duane Otter, John F. Unsworth, and James N. Carter Jr. 

Repairing Distortion-Induced Fatigue Cracking in a Seismically  

Retrofitted Steel Bridge: Field Test ...................................................................... 314 

Mehdi Motaleb, Nick Duong, Will Lindquist, and Riyadh Hindi 

Comparison of Models for the Design of Portal Frame Bridges with  

Regard to Restraint Forces .................................................................................... 326 

E. Gottsäter, O. Ivanov, R. Crocetti, M. Molnár, and M. Plos 

Behavior of FRP Retrofitted Bridge Timber Piles under Earthquake and 

Tsunami Loading .................................................................................................... 340 

Kun-Ho Eugene Kim, Bassem Andrawes, and C. A. Duarte 

A Tunnel Grows in Brooklyn: How an Innovative Portal Structure  

Minimized Impacts on Bustling Atlantic Avenue and Long Island  

Rail Road Operations in NYC ............................................................................... 353 

Stuart Lerner and Pak Ki So 

Rapid Seismic Repair of Severely Damaged Reinforced Concrete  

Bridge Piers ............................................................................................................. 370 

Ruo-Yang Wu and Chris P. Pantelides 

Experimental Evaluation and Development of a Self-Centering Friction  

Damping Brace ........................................................................................................ 382 

Syed Adnan Khader, David Naish, and Joel Lanning 

Behavior of Retrofitted UHPC Beams Using Carbon Fiber Composites  

under Impact Loads ............................................................................................... 392 

S. Nasrin, A. Ibrahim, M. Al-Osta, and U. Khan 

Strength, Ductility, and Prestress Losses of Unbonded Post-Tensioning  

Strands in Self-Centering Structures .................................................................... 403 

Cancan Yang, Maria Lopez Ruiz, and Pinar Okumus 

 

Structures Congress 2017 vi

© ASCE

https://www.civilenghub.com/ASCE/185892314/Structures-Congress-2017-Bridges-and-Transportation-Structures?src=spdf


Comparison of the Seismic Retrofit of a Three-Column Bridge Bent with  

Buckling Restrained Braces and Self Centering Braces ..................................... 414 

A. Upadhyay and C. P. Pantelides 

Dynamic Time History Response of Irregular Bridges ....................................... 424 

Majid Tamanani and Ashraf Ayoub 

Impact of the Overloading of Heavy Goods Vehicles on the Fatigue Life of  

Steel Bridges ............................................................................................................ 434 

A. Q. Ayilara and M. S. Liew 

Effect of Seismic Retrofitting on the Behavior of RC Bridge Columns  

Subjected to Main Shock-Aftershock Sequences ................................................. 446 

Mehdi Rostamian, Farid Hosseinpour, and Adel E. Abdelnaby 

Automated Structural Modelling of Bridges from Laser Scanning ................... 457 

Yujie Yan, Burcu Guldur, and Jerome F. Hajjar 

The Effect of Superstructure Curvature on the Seismic Performance of 

Box-Girder Bridges with In-Span Hinges ............................................................ 469 

F. Soleimani, C. S. W. Yang, and R. DesRoches 

Effects of Ground Motion Incidence Angles in a Reinforced Concrete  

Skewed Bridge Retrofitted with Bucking Restrained Braces ............................. 481 

Yuandong Wang, Luis Ibarra, and Chris Pantelides 

Mechanical Evaluation of Corrosion-Resistant Steel Plates for Bridge  

Girder Fabrication .................................................................................................. 494 

Sherif M. Daghash and Osman E. Ozbulut 

Unbonded Tendons as an Alternative for Bonded Tendons in  

Post-Tensioned Bridges: Constructability, Structural Performance, and 

Monitoring ............................................................................................................... 506 

A. B. M. Abdullah, Jennifer A. Rice, Rahul Bhatia, Natassia R. Brenkus, and  

H. R. Hamilton 

Collapse Fragility Analysis of Non-Seismically Designed Bridge Columns 

Retrofitted with FRP Composites ......................................................................... 517 

Anant Parghi and M. S. Alam 

Truckee River Bridge�Tahoe City, CA: Trail Access below a  

River Bridge ............................................................................................................ 533 

John G. Rohner and Jonathan E. Emenheiser 

Structures Congress 2017 vii

© ASCE

https://www.civilenghub.com/ASCE/185892314/Structures-Congress-2017-Bridges-and-Transportation-Structures?src=spdf


 

Evaluation of Bond Strength for AFRP Reinforcing Bars in Columns with Self-

Consolidating Concrete 

 

Emmanuel Chinaka1; Mehdi Shokouhian2; Steve Efe3; and Monique Head4 

 

1CBEIS 232, Dept. of Civil Engineering, Morgan State Univ., 1700 E. Cold Spring Ln., 
Baltimore, MD 21251. E-mail: emchi1@morgan.edu 
2CBEIS 205, Dept. of Civil Engineering, Morgan State Univ., 1700 E. Cold Spring Ln., 
Baltimore, MD 21251. E-mail: mehdi.shokouhian@morgan.edu 
3CBEIS 233, Dept. of Civil Engineering, Morgan State Univ., 1700 E. Cold Spring Ln., 
Baltimore, MD 21251. E-mail: steve.efe@morgan.edu 
4CBEIS 209, Dept. of Civil Engineering, Morgan State Univ., 1700 E. Cold Spring Ln., 
Baltimore, MD 21251. E-mail: monique.head@morgan.edu 
 
Abstract 

Previous research and design codes have focused on developing equations, mostly empirical 
based on experimental studies, to determine the bond strength of steel bars with different types of 
concrete. However, limited studies have been conducted on FRP bars particularly embedded in 
Self-Consolidating Concrete (SCC), but very few using Aramid Fiber Reinforced Polymers 
(AFRP) bars. This investigation aims to study the influence of two main parameters: 1) 
superplasticizer dosage and 2) water to cement ratio on the bond strength and bond slip model of 
the AFRP bars and SCC. Results show a significant effect of superplasticizer on the bond 
strength of AFRP bars embedded within SCC. Moreover, the effect of the w/c ratio is quantified 
and its correlation with bond strength is presented. The slippage of the AFRP bars embedded in 
the concrete was accurately measured to determine a precise bond-slip model that is compared to 
conventional concrete performance. 

1. Introduction 

SCC is a type of concrete that was developed and introduced in Japan in the late 1980s by 
Professor Hajime Okamura (Zia, et al., 2005). SCC has the ability to flow using its self-weight 
without the need for vibration. This idea and concept were motivated by the lack of workers 
needed for construction. In the 1990s, the United States began implementing SCC for 
infrastructure.  In North America and other places in the world, SCC has been used for 
substructure repair such as bridge repair. The annual cost of concrete repairs in North America is 
about $20 billion, and a significant amount of the money is spent on bridge substructure repairs 
(Orangun, et al., 1977). The use of SCC is becoming more widespread due to its high flow 
ability and durability. The use of SCC allows for a reduction in labor and mechanical vibration, 
and better construction environment due to the elimination of the noise. Studies have been 

conducted to understand the movement and flow of SCC, while also understanding the 
components that will affect it. The reduction of labor costs, better self-leveling, and elimination 
of consolidation noise on job sites is a major reason why the use of SCC is widely growing in 
precast construction (Ghafoori, et al., (2014)- (Kassimi, et al., 2014). A great amount of research 
and understanding must go into SCC, considering the benefits that are associated with it in order 
to attain full potential of this material (Gibb, et al., 2012). The main additive in SCC, which 
makes it self-consolidating is superplasticizer (SP). This additive allows a reduction in the water 
to cement ratio of the concrete that in return will increase the compressive strength, and allow for 
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great workability of the concrete. Given the demand to use corrosion-resistant bars in the 
reinforced concrete members, coupled with the advantages of SCC, this research explores the 
bond strength of aramid fiber reinforced polymer (AFRP) bars when used in conjunction with 
SCC. In addition to further understanding the bond behavior of the bar and the concrete during 
loading, a bond slip model can display the movement and actual bonding of the bar and concrete. 
Perfect bonding is something that is assumed in most numerical studies of FRP reinforced 
concrete structures which results in non-realistic and imprecise predictions of the behavior of the 
structure (Lin & Zhang, 2013). Giving that the amount of data on the bond slip of FRP bars and 
SCC is limited, it is important that data is acquired in order to obtain an understanding and to 
ensure adequate bonding behavior. As previously stated, there is a lack of experimental data to 
express the bonding behavior between SCC and the AFRP bars for structural concrete design. 
Therefore, this study will provide more data concerning this concept through a series of pullout 
tests using AFRP bars in SCC to understand the effects of the superplasticizer and water cement 
ratio on the bond strength and bond slip model.  

2. Previous research 

Separately research on bond behavior of FRP bars and SCC is a topic which is becoming more 
frequent, but information of AFRP bars embedded in SCC is very limited. Research was done to 
show the effects of superplasticizer on the steel-concrete bond strength, (Brettmann, et al., 1986). 
Several different variables were taken into account in this research. The degree of consolidation 
and the slump of the concrete were key variables within this research. In addition, the concrete 
temperature and the placement of the bars were investigated as well. Result showed that high 
slump concrete had a higher bond strength than the concrete with low slump. Results showed 
that vibration on the concrete had a positive effect on the bond strength of the FRP bars and the 
concrete. 

Testing was conducted where steel and GFRP bars were studied to show how bleeding, 
statistical and dynamical segregation had an effect on the bond between the bars and SCC.  The 
bond behavior of SCC was compared to that of normal concrete (Golafshani, et al., 2014). The 
results given by this test showed that the bond behavior for suitable adhesion treatment of steel 
bars is higher than that of GFRP bars. As well, reducing the water to cement ratio and 
substituting it with a high powder material decreases the bond strength variations.  

Data shows that AFRP bars have a higher tensile strength, elastic modulus and ultimate 
strain compared to that of other FRP bars. From the AFRP bars that were tested, results showed 
that it had a bond strength ranging from 1724–2537 MPa, elastic modulus ranging from 41–125 
GPa and an ultimate strain ranging from 1.9-4.4%. These values obtain are shown to be much 
greater than that of Glass fiber reinforcing polymers (GFRP) bars (Kocaoz, et al., 2015). 

Research was performed that further looked into the bond behavior of AFRP and CFRP 
(Aramid and Carbon) bars and normal concrete, (Lee, et al., 2013). This research aims to 
investigate how the physical characteristic such as the bar diameter and the embedment length of 
the AFRP and CFRP bar effect the bond behavior. This research states that an increase in 
embedment length and bar diameter have negative effect on the bond strength of the bar and the 
concrete. 

Data on the bond slip of AFRP bars is something that is very limited and rare compared 
to that of steel bars. 30 pullout tests on GFRP bars and normal strength concrete were performed 
(Tastani, et al., 2005). The bar roughness and the diameter of the bar were parameter considered 
inside of this experiment. Results showed that the bond slip curve had a stiffer response with a 
lower bond stress with the smoother bar surfaces. 
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